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EXECUTIVE SUMMARY

As part of the retooling of the Applied Energy Services (AES) Huntington Beach Generating

Station (AES HBGS) in 2001, a near shore beach contamination investigation was required by
the California Energy Commission (CEC). AB 411' exceedances on the beach have occurred
with greater frequency in the area of the AES HBGS than at other locations on the beach. The
CEC commissioned the study in July 2002 to specifically investigate the impact of the AES
HBGS on recent ocean postings and closures. The objective of this study was to assess whether
the operation of the AES HBGS was negatively impacting water quality in the surf zone in the
vicinity of Huntington State and City Beaches. This report summarizes the investigation
conducted by Komex on behalf of the CEC during the summer of 2002.

The scope of work consisted of: establishing a sampling and monitoring plan for a period of 14
weeks; sampling surface water and in-plant water daily for 14 weeks at eight sample locations,
with sampling every three hours during a two-week intensive period from four of the eight
locations; analyzing the water samples for AB 411 microbial indicators (total and fecal coliform,
and Enterococcus) and physical and chemical parameters (pH, temperature, salinity,
conductivity, DO, turbidity, and ammonia); conducting bacterial source tracking on selected
samples collected during the intensive sampling period; performing an in-plant dye study to
check for cross connections of the sanitary sewer system within AES HBGS; performing an
outfall dye study to model thermal dispersion from the AES HBGS discharge pipe and to
quantitatively predict the potential impact of the AES HBGS on the beach; monitor temperature
and salinity profiles of ocean water and in-plant water using high sensitivity in situ sensors and

data loggers; and to prepare a draft and final report for the CEC and AES HBGS.

The scope of work was designed to address four key questions relating to the potential impact

of the AES HBGS on surf zone water quality:

e Is sub-thermocline freshwater drawn into the AES HBGS intake, or entrained into the

thermal discharge of the outfall pipe?

e Are bacteria introduced into the AES HBGS intake from the ocean (at low concentrations),

and selectively cultured by the elevated temperature of the cooling water in the plant?

! Assembly Bill 411 required routine sampling for three indicator bacteria in recreational waters used by more than
50,000 visitors per year; criteria levels were set at Total coliform 10,000 [MPN]/100 milliliters [ml]; Fecal coliform
400 MPN/100 ml; and Enterococcus 104 colony forming units [CFU]/100 ml)
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e Are land-based sources of bacteria entering the discharge vault in the AES HBGS and are
discharged to the ocean causing bacterial contamination of the surf zone of Huntington

State Beach; and

e Are sanitary sewers within the AES HBGS connected to, or leaking into, the discharge vault?

In excess of 4,500 microbiological water quality samples were collected during the duration of
the study. Samples were collected from eight locations within and adjacent to the AES HBGS;
additional storm drain locations; beach and ocean locations. The principal sources of bacteria
were Blackford’s Ditch, the boiler fireside wash and to a lesser extent the boiler sump wash.
Microbial water quality at these locations consistently exceeded AB 411 recreational water
quality standards; bacterial concentrations within the two other on-site locations (general

purpose retention basin and storm water sump) were lower.

Summary of Bacterial Exceedances During Daily and Intensive Sampling

DATE LOCATION BACTERIAL EXCEEDANCE
8/7/2002 DVO Total Coliform: Fecal Coliform
8/23/2002 DVO Enterococcus
9/2/2002 v Enterococcus
08/15/02e DVO Enterococcus

08/15/2003e v Enterococcus
08/16/2002g v Enterococcus
08/17/2002a DVO Enterococcus
08/17/2003g v Enterococcus
08/18/20029g DVO Enterococcus
08/18/20029g v Enterococcus
08/19/20029g DVO Enterococcus
08/19/20029g DV10 Enterococcus
08/20/2002a v Enterococcus
08/20/2002g DVO Enterococcus
08/20/2002g v Enterococcus
08/21/2002a v Enterococcus
08/22/2002g v Enterococcus
08/23/2002g DV10 Enterococcus
08/25/2002b DVO Enterococcus

Note:

IV: Intake Vault; DVO Discharge vault at 0 feet; DV10 Discharge Vault at 10 feet; and a through H after the
date represent three hour segments of a 24-hour sampling period, a being 0:00 to 3:00 hours through to h at
21:00 to 24:00
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Bacterial concentrations at the intake vault and discharge vault were consistently low and

exceeded AB 411 21 times (out of a total of approximately 1,700 samples).

The bacterial source tracking techniques used in this investigation, were able to differentiate the
source of bacteria as either human (positive) or non-human (negative). Of the Bacteroides and
Prevotella bacterial source tracking samples collected (64), two were confirmed as positive
(human source); one from the Intake Vault on August21 at 9:40 PM (very near high tide), and
the Discharge Vault on August 22 at 10:05 PM (also near high tide). Parallel measurements (not
funded by this project) showed multiple positive results for this assay during the evening high
tide of August 21, 2002 at locations at the Santa Ana River, Talbert Marsh, 6N, 9N, 12 N, 15N,
and 18N sites. Of the Enterovirus bacterial source tracking samples collected (59), only two
tested positive (human source-intake vault at 3:10 on August 21, 2002). Consequently, the AES

HBGS was not a significant source of human-derived contamination during this study period.

A dye study was conducted on the restrooms within the AES HBGS to determine if they were
leaking into the industrial wastewater discharge system. During the 24-hour sanitary sewer
dye test, no dye was detected in the discharge vault with an in-situ fluorometer nor was any

observed in either the discharge vault or the general purpose retention basin.

A dye study was performed on the AES HBGS discharge and within the near vicinity of the
AES HBGS outfall, and the results incorporated into a thermal plume model. The thermal
plume model has been used to determine the impact of bacteria discharged from the AES HBGS
on surf zone water quality at 9N. Bacteria from the AES HBGS discharged to the ocean would
account for <0.4% [total coliform]; <3% [fecal coliform]; and <12% [enterococcus] of the

corresponding bacterial concentration on the beach at 9N.

Moorings were placed in the vicinity of the AES HBGS intake with an array of temperature,
salinity, pressure and current sensors. Temperature, pressure and salinity sensors were placed
in the intake vault and discharge vault at the AES HBGS. Investigations were performed on
Blackford’s Ditch and a storm water-sampling event occurred during the first significant storm
of the season in November. No significant sub-thermocline water was drawn into the intake
during the August period. However, some portions of the August temperature-salinity (T-S)
data demonstrated warmer lower salinity water coming into the intake vault. During
September, three cold-water events occurred at the intake mooring (water temperature less than
13.5°C), indicative of sub-thermocline water. Corresponding temperatures in the intake vault
were lowered, suggesting partial entrainment of thermocline/sub-thermocline water by the AES
HBGS.
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Based on the results collected in this study the following conclusions have been made:

¢ One event in August and three brief events in September demonstrated entrainment of
thermocline water into the intake vault, consequently thermocline water was occasionally
entrained into the AES HBGS intake. During this study there were no specific indications

that the intake water contained part of the OCSD plume;

e Concentrations of bacteria introduced to the AES HBGS from the ocean did not increase
significantly in numbers during passage through the cooling water system prior to
discharge;

e Land-based sources of bacteria (particularly Blackford’s Ditch and Boiler Fireside Wash) did
enter the discharge vault and were discharged to the ocean, but were not at concentrations
high enough to contribute significantly to bacterial contamination of the surf zone of

Huntington State Beach; and

e The sanitary sewers within the HBGS were not connected to, or leaking into the discharge

vault.

Because of the microbial and oceanographic results presented in this study further investigation
of the role of the AES HBGS facility as either a source, or as a thermocline/sub-thermocline
transport mechanism to the coastal environment is not recommended. However the AES HBGS
may play a role in the transport of bacteria from non-AES HBGS sources (local rivers and
marshes for example) to focused sections of the Huntington State and City Beaches, further
investigation of the thermal-plume onshore transport (T-POT) mechanism is warranted at this
time. The T-POT mechanism may be facilitating the shoreward transport of contamination

being transported up or downcoast through the surfzone.

As a general principle, discharges of fresh-water through the AES HBGS discharge vault and
outfall should be minimized. Any revisions to the discharge limits for the AES HBGS should be
determined as a result of a complete review of all available studies including this report during
the NPDES permit renewal process (2004-2005). Additional recommendations include diverting
the storm drains to prevent discharge of potentially contaminated urban runoff through AES
HBGS, and treating runoff within the AES HBGS to remove contaminants (including heavy

metals and bacteria).
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1 INTRODUCTION

The objective of this study was to assess whether the AES HBGS was negatively impacting
water quality in the surf zone of Huntington State and City Beaches. As part of the agreement
to retool two of AES HBGS’ four power generating units in 2001, a near shore beach
contamination investigation was required. The CEC commissioned the study in July 2002 to
specifically investigate the impact of the operation of the AES HBGS on recent ocean postings
and closures. This report summarizes the investigation conducted by Komex during the

summer of 2002.

The report has been structured as follows:

e Introduction. The introduction includes information on the background of the project,
study region, near shore ocean environment, study aims, and the scope of work;

e Historical Summary. This section provides a summary of previous investigations at the
AES HBGS facility;

e Methodology. Methodology used in this investigation is described in detail in this section;

e Results. The results section presents the results obtained from long-term and intensive
sampling within and adjacent to the AES HBGS, storm water sampling, the storm drain
investigation, in-plant dye study, intake and outfall assessment, thermal plume model,

offshore dye-study, and bacterial source tracking analysis;

e Discussion. The discussion section provides an interpretation of the results presented in
the previous section;

e Conclusions. The conclusion concisely summarizes the key points presented in the
discussion;

¢ Recommendations. The recommendations section lists several actions that can be
undertaken to improve local surface and surf zone water quality;

¢ Closure/Limitations. The closure and limitations section describes the inherent limitations
in the investigation;

e References. The reference section provides a bibliographic list of all references cited in the

text of the report;

e Appendix A. A review of bacteria in coastal waters. The review describes the prevalence,

persistence and significance of bacteria in coastal waters; and
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e Appendix B-J. Include the daily field and sampling forms, site photographic
documentation, chain-of-custody forms, thermal modeling parameters, laboratory reports

and statistical tables.

The short section of beach that constitutes Huntington State Beach in Orange County has
become one of the most heavily researched stretches of beaches in the U.S. Providing definitive
answers to the causes of beach contamination in this region has been challenging and has often
required multi-disciplinary teams of oceanographers, engineers, climatologists and
microbiologists. In this study, four potential mechanisms by which the AES HBGS may impact
local surf zone water quality have been clearly identified. Each mechanism has been outlined
below, and established as a hypothesis. Each hypothesis has been tested and either disproved
or accepted; if disproved the Alternate Hypothesis (i.e. the opposite) has been accepted.

Hypothesis 1: Sub-thermocline Entrainment

Is sub-thermocline freshwater entrained into the AES HBGS intake, or the thermal discharge of

the outfall pipe?

Hypothesis 2: Plant Bacterial Proliferation

Are bacteria introduced into the AES HBGS intake from the ocean (at low concentrations), and

selectively cultured by the elevated temperature of the cooling water in the plant?

Hypothesis 3: Land-Based Sources

Are land-based sources of bacteria entering the discharge vault in the AES HBGS and are
discharged to the ocean causing bacterial contamination of the surf zone of Huntington State
Beach; and

Hypothesis 4: Sanitary Sewers

Are sanitary sewers within the AES HBGS connected to, or leaking into, the discharge vault?

1.1 BACKGROUND
1.1.1 ASSEMBLY BILL 411

On July 26, 1999, in accordance with Health and Safety Code §115880 (Assembly Bill 411,
Statutes of 1997, Chapter 765), the California Department of Health Services (DHS) was
required to expand its regulations for ocean beaches (DHS, 1999). AB 411 and accompanying
regulations contain weekly monitoring requirements, as well as requirements for ocean posting

and closure. The requirements specifically apply to coastal beaches that are visited by 50,000 or
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more people annually and are located adjacent to storm drains that flow from the period of
April 1 through October 31. An estimated 550 million people visit California’s public beaches
annually contributing an economic value estimated to be over 27 billion dollars (State of
California, 1999).

The Orange County Health Care Agency (OCHCA) and the Orange County Sanitation District
(OCSD) collect water samples along the shoreline of Orange County for bacterial analysis. In
the Huntington Beach area, the OCSD samples the beach surf zone up to five times per week at
several locations to the north and south of the mouth of the Santa Ana River. The stations are
sampled by OCSD and the data is reviewed by the OCHCA. If the data indicate that health care
standards are exceeded, warning or closure signs are posted at the beach. Ocean water
recreational closures are expected to occur when health risks (associated with recreational

contact with ocean water) are considered greater than those associated with posting.

AB 411 stipulates monitoring for total coliform, fecal coliform, and the Enterococcus group of
bacteria. In addition, the DHS has established seven standards (limits) for indicator bacteria
concentrations which, if exceeded, require action on the part of the local health officer in the
form of ocean postings. These postings inform beachgoers of recent or chronic elevated
concentrations of indicator bacteria or close the water to recreational contact if the high levels of

indicator bacteria are known to originate from sewage contamination (ocean closure).

The AB 411 standards and the national guidelines for marine water quality criteria published by
the U.S. Environmental Protection Agency (USEPA, 1986) use epidemiological evidence to
establish risk levels for swimming-associated illnesses based on the level of indicator bacteria,
especially Enterococcus (State of California, 1999). The origin of Enterococcus in these
epidemiological studies was presumed to be anthropogenic sources of fecal pollution including
sewage, agricultural runoff, or urban runoff (McBride et al. 1998; Chang et al. 1990; Balarajan et
al., 1991; Corbett et al., 1993; Haile et al., 1999; Kay et al., 1994; and von Schirnding et al., 1992).

At the time of the investigation (Summer 2002), the OCSD discharged a blend of primary and
secondary treated sewage through its outfall located approximately 5 miles southwest of the
AES HBGS. The OCSD has been monitoring coastal water quality in the Huntington Beach area
since 1958. The OCSD discharge practices (depth of discharge at 60 meters [m] [200 feet] the
distance from shore of discharge at 7 kilometers [km] [4.4 miles], and high initial mixing ratio at
180:1) are aimed at reducing negative human-health-related impacts outside the zone of initial
dilution (ZID). In addition, seasonal water column stratification (thermocline development)

restricts the discharge plume to depths of 5 to 10 m (15 to 30 feet), and the high natural mixing
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and predominant alongshore currents minimize potential for human risk (OCSD, 2002).
Annual ocean monitoring and routine water quality monitoring indicate no significant
environmental or human-health-related water quality effects due to discharge from the OCSD
from 1985 to 1999 (OCSD, 2002).

Water Quality Criteria

Beach posting is recommended (and required for certain beaches under Health and Safety Code
Section 115915 and the AB 411 implementing regulations) when indicator organism

concentrations exceed any of the following levels for a single water sample:

e Total coliform 10,000 most probable number (MPN)/100 milliliters (ml)
e Fecal coliform 400 MPN/100 ml
e Enterococcus 104 colony forming units (CFU)/100 ml

Additional sanitary surveys and other related evaluations are recommended when indicator
organisms exceed any of the following concentrations, based on the log-mean of at least five

equally spaced samples in any 30-day period:

e Total coliform 1,000 MPN/100 ml
e Fecal coliform 200 MPN/100 ml
e Enterococcus 35 CFU/100 ml

Prior to the implementation of AB 411 and the new regulations, monitoring data from the
OCSD demonstrated that indicator bacteria concentrations in the near shore waters off

Huntington Beach were above normal in April 1999.

1.1.2 HUNTINGTON STATE BEACH—THE SUMMER OF 1999

On June 27, 1999, the concentration of total coliform exceeded the health standards (10,000
MPN/100 ml), and the first section of beach was closed on July 1, 1999 (OCSD 1999). The first
ocean water recreational closure extended approximately 5,000 feet (1,520 m) along the
Huntington State Beach between Newland Street and Magnolia Street. The affected area
continued to spread to the south and resulted in two additional closures on August 6 and
August 11, 1999. The bacterial plume then spread to the north, resulting in an ocean water
recreational closure on August 18, 1999, which extended to Beach Boulevard. On August 20,
1999, the last remaining section of the Huntington State Beach south of Brookhurst Street was
closed; the closure extended down to the mouth of the Santa Ana River. Two further ocean

water recreational closures occurred at Huntington City Beach on August 24 and August 31,
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1999, both extending northward from Beach Boulevard to their maximum extent at Goldenwest
Street. In total, approximately 4.5 miles (7.2 km) of beach were closed due to bacterial

contamination, extending north from the mouth of the Santa Ana River to Goldenwest Street.

Initial investigations to evaluate the source of the elevated bacterial concentrations were led by
the OCSD with the participation of the OCHCA, the California State Department of Parks and
Recreation (State Parks), the City of Huntington Beach, and the Regional Water Quality Control
Board, Santa Ana Region 8 (OCSD, 1999).

OCSD reports some indication that the beach closures were more closely related to the
implementation of AB 411’s more stringent standards than an actual increase in bacterial
concentrations at the beach (OCSD, 1999). An analysis of the monitoring data for 1998 indicated
that if AB 411 standards had been applied in 1998, the OCSD-monitored beaches would have
exceeded the single-sample water quality samples 143 times instead of the 12 occurrences
under the previous standards. Monitoring data from April 1999 through September 1999
showed concentrations of indicator bacteria above normal, regardless of the incidence of beach
closures. Sewage was initially suspected as the source since the signature of indicator bacteria
reflected that of sewage (all three indicator bacteria showed elevations, and the ratio of fecal
coliform to total coliform was 1:1). Later (August 1999), the level of both coliform
concentrations declined, but that of Enterococcus remained high, a signature more similar to

urban runoff.

Persistently high levels of all three-indicator bacteria in the surf zone between the Santa Ana
River and the Huntington Beach Pier in 1999 prompted concern that the bacterial pollution was
from an unidentified sewage source. A series of investigations were initiated by the OCSD in

an attempt to identify the bacterial source.

1.2 STUDY REGION
1.2.1 STUDY LOCATION

The study location is centered on the AES HBGS at the intersection of Newland Street and PCH
in Huntington Beach, California (Plate 1-1). The study area includes the adjacent storm drains
on Newland Street, the PCH, and the wildlife sanctuary (Plate 1-2). Water samples were
collected from as far south as the Santa Ana River, as far north as the Huntington Pier, and 0.25

miles off the shoreline into the Pacific Ocean (Plate 1-3).
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The offshore study area lies within the San Pedro shelf, located within the Southern California
Bight (SCB), a region that extends south from Point Conception to San Diego. The SCB is
dominated by the offshore equator-ward flowing California Current system, and that portion of
the California Current that turns inshore and pole-ward and recirculates within the SCB
(Southern California Eddy). A pole-ward flowing undercurrent transporting warmer, saltier
Equatorial water from the south dominates the inshore region. The offshore study area

extended from Huntington Pier to the Santa Ana River.

The on-shore study area lies entirely within the Coastal Plain of Orange County. The central
lowland of the Coastal Plain of Orange County stretches northwest from Irvine past Santa Ana
and Garden Grove into Los Angeles County. It has little relief and an average slope of less than
20 feet per mile (3.8 meters per kilometer [m/km]) (Department of Water Resources [DWR],
1967). The Puente Hills, Santa Ana Mountains, and San Joaquin Hills bound the central
lowland to the north, east, and southeast, respectively, and by the Pacific Ocean to the south
and southwest (Morton et al., 1976). The central lowland comprises the Downey and Tustin
Plains with the Study Area lying on a coastal section of the Downey Plain. The plain formed
from alluvial deposits carried by the Los Angeles, San Gabriel, and Santa Ana Rivers (DWR,
1967).

Along the coast of Orange County are low hills and mesas aligned northwesterly as a surface
expression of the Newport-Inglewood structural zone. The low hills are mesas breached by
stream-cut gaps and ancient meanderings of the Santa Ana River through which fingers of the
central lowland extend to the sea (DWR, 1967, OCWD, 1999). The eastern boundary of the
Study Area lies within one of these physiographic depressions known as the Talbert Gap.

To the northwest is Huntington Beach Mesa, which is approximately 2 miles (3.2 km) wide and
extends inland nearly 4 miles (6.4 km) from the ocean. A cliff 30 to 40 feet (9.1 to 12.2 m) high
abuts on the ocean. The surface of the mesa slopes inland and eventually submerges under the
sediments of the Downey Plain. The majority of the Study Area is within the Huntington Beach

Mesa with the exception of the eastern boundary as noted above.
1.2.2 SITE CHARACTERISTICS
1.